Abstract This study estimates the monetary benefits to individuals from health damages avoided if air pollution is reduced in the urban industrial city of Kanpur in India. A notable feature of this study is that it uses data from weekly health-diaries collected for three seasons. For measuring monetary benefits, the study considers two major components of health cost that is incurred due to adverse effects of air pollution on health i.e., the loss in wages due to workdays lost from work and the expenditure incurred on mitigating activities. The study estimates that a representative working individual from Kanpur would gain Rs. 165.47 per year if air pollution were reduced to a safe level. The extrapolated annual benefits for the entire population in the city are Rs. 224.55 million.
Introduction
Urban air pollution is currently a cause of concern in all major cities in India. Epidemiological studies have shown that there is a significant association between the concentration of air pollutants and adverse health impacts (Ostro et al. 1995) . Air pollution contributes to illnesses like eye irritation, asthma, bronchitis, etc., which invariably reduce efficiency of people at work. This paper attempts to estimate the health benefits from the reduction of air pollution in the city of Kanpur, one of the urban conglomerations in India. Kanpur is an important center for trade and commerce in Uttar Pradesh state of India, which has acquired notoriety as the second most polluted industrial city in the country. The average pollution level in this city expressed in PM 10 is 225.68 µg/m 3 during the year 2004 while the recommended levels by the World Health Organization (WHO) and National ambient air quality standards (NAAQS) are 20 and 60 µg/m 3 respectively. U. Gupta (B) Institute of Economic Growth, Bhim Rao Ambedkar College, University of Delhi, Delhi, India e-mail: ushabishan@yahoo.co.in In the year 1997-1998 the Central Pollution Control Board, Government of India (CPCB) developed an environmental management plan (EMP) for Kanpur with a strong focus on air pollution reduction. The plan has recommended a wide range of measures requiring fuel changes, improving road network and increasing public transport facility and relocation of industries in the city.
The household health production function model (HHPF) is used to estimate the health benefits from the reduced air pollution. Noteworthy features of this study are the use of health diary data of working individuals in the household and the panel data capturing the effects of seasonal variations and individual characteristics on the health of Kanpur people. The estimated model has two equations; one with workdays lost and another with mitigating expenditures as dependent variables. The Poisson and Tobit regression models are found to be appropriate for estimating the workdays lost and mitigating expenditures equations respectively. The total annual welfare gains to the population of Kapur from the reduction in workdays lost and mitigating activities are estimated as Rs. 224.55 million.
This paper is organized as follows: Section 2 reviews existing research on air pollution and its health impacts. Section 3 describes the study area. Section 4 gives details of data sources and the design of the household survey. Section 5 presents methodology. Section 6 discusses the results. Section 7 provides conclusions.
The Health Effects of Air Pollution: Evidence from Developing Countries
There is substantial evidence from developed countries of strong correlation between exposure to ambient air pollution concentration and health risks (Dockery et al. 1993; Pope et al. 1995; Schwartz 1993; Gerking and Stanley 1986 etc.) and very high health costs of exposed populations to air pollution. Some recent studies in developing countries also provide similar evidence (Cropper et al. 1997; Kumar and Rao 2001; Murty et al. 2003; Chestnut et al. 1997; Alberini and Krupnick 2000 etc.) . Some of these studies used household health production function models while others used damage function and cost of illness methods. Cropper et al. (1997) estimated a dose response function explaining the relationship between mortality rates and air pollution in Delhi, India. Their model predicted that a 100-µg/m 3 increase in Total suspended particulate matter (TSPM) would lead to a 2.3% increase in nontrauma deaths in Delhi. A study by Murty et al. (2003) has estimated the household health production function model using the data collected through household surveys in the cities of Delhi and Kolkata in India. Their estimates revealed that a representative household would gain annual benefits of Rs. 2086 in Delhi and Rs. 950 in Kolkata from the reduced morbidity due to reductions in air pollution to the safe level. These estimates correspond to 1.16% and 0.61% of household incomes in the respective cities. Using a similar model, a study by Kumar and Rao (2001) showed that the working individuals in the residential complex of Panipat Thermal Power Station in Haryana, India, are willing to pay on the average Rs. 12-53 per month for improving the air quality to WHO standard.
There are also some important studies done for other developing countries. Chestnut et al. 1997, compared the willingness to pay for air quality improvements between Bangkok and US 1 and found that Bangkok residents are willing to pay a higher share of their income to protect their health as compared to US residents. Alberini and Krupnick (2000) compared the cost of illness (COI) and willingness to pay (WTP) estimates relating to health damages
